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with bowlders, gravel, sand and rock-dust, are usually very much greater than any artificial structure would need to be for absolute safety.
Requisite conditions for the proper design of hydraulic-fill dams are the following:
First. They require to be located on a stable and impermeable foundation, whether it be clay, gravel, rock, or other material which is or which can be made impermeable to water under pressure.
Second. They must be formed of materials, which when packed in the mass of the embankment, are practically water-tight throughout the whole or a large proportion of their entire cross-section.
Third. They must have slopes sufficiently flat to render the structure stable under all conditions of saturation from the water in the reservoir or from soaking rains, or both combined.
Fourth. The elevation of the crest above the highest possible level of water in the reservoir must be sufficient, in connection with unobstructed spillways of ample dimensions, to insure against the possibility of the dam ever being overtopped by extraordinary freshets due to cloudbursts, or by waves driven up the slope by gales of wind or by any combination of such contingencies.
Fifth. They must be so constructed that after completion they shall not settle or crack or show any material sign of movement or change in form or position.
This latter requirement implies a radical change during construction from a condition of liquid mud and unstable equilibrium to one of solidity and absolute stability under all vicissitudes of time and change. Such changes of form and adjustment of the particles composing the mass by the pressing out of the water contained in the voids, is a slow process, particularly if the materials contain a large percentage of clay.
To secure stability and perfect drainage it is essential that the outer slopes of the embankment, composing about one third of the. mass, equally divided between the up-stream and down-stream slopes, shall be composed of rock, gravel, or sand, which will afford friction and stability, as well as drainage to the interior of the dam. This interior two thirds is the water-tight section, composed of the finest clay or silt as segregated from the other material. It is at first thoroughly unstable and would slide from its position if unsupported by the stable sections on either side. With the slow settlement following gradual drainage and the pressing of the water from its voids, it becomes more and more dense, and finally assumes a condition of mature solidity and impermeability that fits it to resist the pressure of the water in the reservoir behind it. The best practice in hydraulic-fill dam construction is to test the structure at all stages of its growth, by permitting the reservoir to follow up the rising dam, always 10 to 15 feet below the top (at the same time